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INTRODUCTION 


The  advent  of  apace  rocketry  has  posed  the  problem  Ur” sterilizing  probes,  „ 
prior -4» launchings^ which  might  impact  an  extra  terrestrial  body.  Contamination, 
and  possible  Infection,,  of  these  bodies  wit h  earth  microorganisms  could  interfere  "  ■ 
wither  completely  invalidate  subsequent  biological  lnveatigations,  and  unique  < 
^opportunities  to  investigat  the  origin  of  life  on  other  planetsmceiAd  be  loe-frrrJ i^P/WTrb' 
forever.  A  "hard  hit"  by  ^missile  on  the  moon  or  one  b r  ihe~planeta  could  result 
in  shattering  the  probe  and  all  its  components.  F6x  this  reason  the  miaalla  and 
all  its  components  must  be  atarila  not  only  externally  but  internally  aa  nail,  y 

For  several  reasons,  the  main  one  being  that  a  variety  of  aenaiilv*  materials 
would  be  damaged  by  other  techniques,  ethylene  oxide  gas  will  be  /deed  to  ateriliia 
the  final  assembled  pqyload  Just  prior  to  launching.  This  gas  his  remarkable 
penetrating  capabilities  but  it  can  not  enter  hermetically  sealed  areas,  as  can 
heat  or  certain  Ionising  radiation*.  Kany  of  the  newer  electronic  conponents 
aio  Scaled  units  into  which  th«  ga*  oat)  not  penetrate,  but  in  (which  living 
microorganisms  may  have  bean  trapped  during  Manufacture.  Thual  we  do  not  know 
whether  surface  sterilisation  la  all  that  la  required  for  such  devicee.  Tbe 
lack  of  Information  on  th«  sub  J  act  prompted  this  investigation.  "*Fhe  main 
purpose  of  this  -preliminary study  was  to  develop  satisfactory  techniques  for  s 
such  investigations,  following  which  raiUna _i.n***i4g etioES  of  all  typil  Of 
components  could  ha' wads*  SB  fha  course  of  this  study  certain  electronic  co m~ 
ponepta  wire  screened  for  possible  internal  contamination,  but  only  a  few  items 
yafe  «o  tested,  end  the  fact  that  a  few  types  war*  found  to  be  atarila  should 
toot  be  intex prated  as  a  statistically  valid  study  on  this  subject* 

^Dc  Ut-TnJfc  Wtit  It-'fcf'  ■  k  f]«T  b-.A--.tfr,  no  K.M-i  bA/fc  WS  (W*.  7b 
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In  order  that  all  work  could  be  performed  in  an  uncon tan  inated  atmosphere, 
the  lests  were  performed  inside  an  airtight  plaetio  chamber  (Flgur*  1),  the 
interior  of  which  could  be  kept  atarila.  The  chamber  ie  fitted  with  glove  porta 
and  rubber  gloves,  a  screw  type  doer  and  small  air  inlet  tube*.  In  general,  the 
test  procedure  Involved  placing  in  the  ohambar,  the  electronic  components,  broth 
blanks,  forceps,  haveners,  mortars  end  pasties,  metal  hammering  block  and  a  can 
of  athylana  oxide-freon  mixture.  In  later  testa  metal  aave  and  files  were  also 
placed  In  the  chamber.  The  chamber  wee  dosed  and  the  ethylene  oxide  released 
in  order  to  sterilise  tie  exterior  of  ell  the  items  and  the  atmosphere  in  the 
chamber.  Following  an  6- hour  exposure  to  ethylene  oad.de,  air  sterilised  by 
filtration  through  a  eettom  ooUeeter  mao  passed  through  the  shadier  for  16  hour* 
to  remove  the  oxide,  lkt  following  bacteriological  teats  were  them  performed. 
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A  pair  of  ?ch.  type  of  electronic  component  being  investigated  was  placed 
1*1  the  chamber.  After  the  ethylene  oxide  treatment,  one  component  from  each 
pair  was  placed,  whole,  in  an  Individual  broth  blank.  These  served  as  controls, 
indicating  that  the  exterior  surfaces  were  indeed  sterilized  by  the  ethylene  oxide 
treatment.  The  other  component  wee  then  broken,  ground  as  well  as  possible,  and 
the  pieces  placed  in  another  broth  blank*  After  being  well  sealed  the  broth 
Monks  were  removed  from  the  chamber  ard  incubated  l*-6  daya  and  then  examined 
for  cloudiness  which  might  indicate  bacterial  growth.  The  bottles  were  then 
opened  aid  liquots  of  the  broth  were  streaked  on  tryptose  agar  to  check  further 
for  bacterial  growth.  Following  this,  each  broth  blank  was  seeded  with  one  drop 
of  a  2h  hour  tryptose  broth  culture  of  Staphvl  ^coccus  aureus  and  after  ?1*  hours 
incubation  an  aliquot  of  the  broth  was  streaked  oh  tryptose agar.  This  last  step 
was  taken  to  assure  ourselves  that  the  blank  was  still  capable  of  supporting 
microbial  growth  even  though  no  growth  had  occurred  in  it  when  the  electronic 
component  was  added.  Positive  growth  In  this  step  indicated  that  the  material 
of  which  the  component  w as  mads  was  not  bacteriostatic  or  bactericidal. 

The  first  and  second  experiments  were  performed  with  elsctronio  tubes, 
diodes,  condensers  and  resistors  obtained  from  Physical  Detection  Branch, 

Physical  Defense  Division-,  The  third  experiment  was  performed  with  various 
types  of  transistors  obtained  from  Jet  Propulsion  Laboratories.  In  this  experi¬ 
ment  one  or  two  of  each  type  transistor  was  reserved  for  electronic  testa.  These 
particular  components  were  tested  b/  Pfc  John  Athorly,  Physical  Detection  Branch, 
before  and  after  exposure  to  ethylene  oxide  to  determine  If  ethylene  oxide  had 
anv  adverse  affect  on  their  funotionability .  The  procedure  and  the  results  of 
the  funcUonability  test  are  given  in  Appendix  I,  The  results  of  all  bacterio¬ 
logical  tests  ar.i  .shown  in  Tables  I  -  IT. 

The  question  arose,  after  Test  1,  whether  sufficient  ethylene  oxide  might 
have  penetrated  into  the  tryptose  broth  under  the  metal  cap  of  the  bottles  to 
prevent  the  growth  of  any  bacteria  introduced  into  the  broth  with  the  addition 
of  an  electronic  component.  Ethylene  oxide  intlally  present  could  eselly . 
dissipate  from  the  broth  during  the  U  to  6  day*  of  incube  loo  and  bacteria  sddad 
thereafter  could  then  multiply.  Test  2  was  par  formed  using  broth  blanks  (glass 
bottles  with  metal  sorww  cape)  the  ease  M  in  test  1.  Also  Included  in  teat  2 
were  a  second  set  of  the  ease  type  ^TtUes  with  electricians  tape  woisul  around 
the  ospa  to  Insure  a  tight  aet  noth  sets  of  blanks  were  exposed  to  ethylene 
eod.de  for  0  hours,  the  ohaxber  then  aerated  16  hours  and  one  drop  of  a  2b  hoar 
broth  culture  of  Staphgrlooooeae  aureus  added  to  each  of  elx  control  bottles  to 
dotemlnu  if  the  broth  was  a€!l  o spade  of  supporting  bacterial  growth. 


RESULTS 

No  evidence  of  microbial  contamination,  of  the  electronic  eoaponouta  tested, 
was  demonstrated  in  the  bacteriological  teste  performed.  Sene  of  the  broth 
blanim  containing  the  components  were  oaepeot  of  gfowth  because  of  cloudlmss. 
Subsequent  plating  on  tryptoe*  ager,  however,  demonstrated  lie  absence  of  nlcro- 
organi— »  The  cloudiness  vm  apparently  of  ohateoal  rather  then  biological 


« 
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origin,  caused  by  materials  in  the  components  being  tested.  The  results  also 
showed  that  the  broth  was  still  capable  of  supporting  bacterial  growth  after 
l*-6  days  Incubation  with  the  various  electronic  componf nts,  although  in  at 
least  one  case  the  growth  was  not  of  normal  vigor* 

The  results  of  one  of  the  untapcd  control  blanks  in  test  2  showed  it  was 
possible  for  ethylene  oxide  to  penetrate  under  the  bottle  cap  .-nd  into  the 
broth  in  sufficient  amount  to  inhibit  rrowth  of  microorganisms  present*  Thus, 
the  results  in  teat  1  cannot  necessarily  be  relied  upon  os  giving  a  true  picture 
of  the  internal  contamination  of  electronic  components , 

The  results  of  electronic  teats  indicated  that  ths  ethylene  oxide  treatment 
had  no  adverae  effect  on  the  functlonability  of  the  transistors  tested. 


D1SCUSSI0H 

A  procedure  to  determine  the  presence  of  microorganisms  inside  electronic 
components  has  been  devised.  Inside  a  completely  enclosed  system,  where  all 
surfaces  are  sterile,  electronic  components  can  be  hamered,  ground,  sawed  or 
filed  so  that  their  interiors  are  exposed*  The  pieces  from  the  interior  can 
then  be  placed  In  sterile  broth  blanka  without  ever  leaving  the  enclosed  system. 

The  conditions  of  test  are  such,  with  all  manipulations  being  carried  out 
Inside  a  sealed  sterile  cabinet,  that  the  possibility  of  false  positives  due  to 
a  break  in  sterile  technique  are  virtually  excluded.  With  the  change  mads 
following  teat  1,  when  the  bottle  caps  on  the  broth  blanks  were  not  only  screwed 
but  taped  shut  so  that  no  ethylene  oxide  could  penetrate  and  render  the  broth 
bacteriostatic, it  was  felt  that  the  possibility  of  falling  to  detect  micro-’ 
organisms  if  indeed  present  inside  the  electronic  devices,  was  minimal,  Cbe 
difficulty  with  the  test  still  remains  however*  Should  one  object  be  In¬ 
ternally  contaminated,  cracking  or  sawing  this  open  could  contaminate  the 
interior  of  the  cabinet  and  subsequent  test  components  in  the  run.  Thus  if 
20  objects  were  using  tested  in  one  i*un  and  ttv  10th,  12th  -ind  15th  broth 
blanka  showed  growth,  we  would  be  convinced  thut  all  the  objects  which  did  not 
contaminate  the  broth  blanks,  were  truly  sterile,  and  that  the  object  placed 
In  the  10th  blank  was  truly  contaminated.  We  would  have  no  way  of  knowing 
however  whether  ths  12th  sad  15th  objects  were  themselves  contaminated,  or 
whether  some  organisms  from  object  10  had  bean  accidentally  transferred  into 
these  blanks.  Thus  any  contaminated  blanks  obtained  after  ths  one  where 
contamination  first  shews  up,  would  be  suspect. 

The  restriction  set  up  for  probes  to  Venus.  Kars,  etc.,  is  that  each 
probe  and  all  Its  components  will  be  sterile,  'or  this  reason,  if  ws  find 
even  one  of  80  of  sy  particular  ooagwzteat  contaminated  internally,  sterili¬ 
sation  of  the  component  by  sons  trastesnt  other  than  ethylene  oxide  will  be 
necessary.  Qc  tits  other  bend  if  we  find  20  out  of  20  of  a  particular  cam* 
ponont  not  aonteeimtsd  ws  would  bo  inclined  to  any  so  oenitional  treatment 
la  neoo— wry  to  inmuro  sterlUV  of  the  iatwior  of  this  typo  •mpmmit. 
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The  possibility  of  contamination  being  introduced  from  a  single  contami¬ 
nated  object  however,  places  some  restriction  on  how  teste  in  such  a  cabinet 
should  be  conducted.  Obviously  one  should  keep  accurate  records  of  tho  ord«r 
in  which  each  object  was  broken  up  and  placed  in  a  blank,,  as  well  as  records 
of  which  object  went  into  which  blank.  Then  one  should  utilise  as  much  as 
possible  the  techniques  of  sterile  transfer,  even  though  the  work  is  done  in 
a  completely  enclosed  environment.  A  sufficient  number  of  sterile  forceps, 
etc.,  should  be  placed  In  the  cabinet  so  that  a  seporate  one  can  bs  vised  for 
each  object.  The  forceps  should  be  touched  only  on  the  end  which  docs  not 
touch  the  object  buing  tested.  In  other  w  rds  the  hand  should  be  treated 
as  contaminated  even  though  one  is  working  through  the  barrier  formed  by 
fcterile  gloves.  In  certain  cases,  i.e.  where  an  object  is  to  be  broken  up 
with  a  hammer  and  an  11,  It  may  not  be  possible  to  get  20  hammers  and  20 
anvils  in  the  cabinet,  but  one  can  use  different  areas  of  tho  anvil,  and 
separate  forceps  to  pick  up  the  shattered  pieces  of  theobject  being  tested. 

The  value  of  the  entire  technique  lies  in  the  almost  virtual  eurity  that  if 
all  objects  In  one  test  are  sterile  on  the  interior  as  well  as  on  the  exteri* e, 
this  will  be  clearly  demonstrated,  and  that  if  as  much  as  one  object  is  not 
sterile  this  will  be  shown  too.  The  fact  that  cne  cculd  over-estimate  the 
per  cent  contaminated  objects  in  a  mixed  lot  of  contaminated  and  sterile  arias 
is  of  lesi  3 r  importance. 

None  of  the  components  tested  were  f  xmd  to  be  contaminated  internally, 
however,  so  few  items  of  each  type  were  evaluated  that  no  conclusion  can  bs 
made  at  this  time  regarding  the  internal  sterility  of  electronic  components 
in  general. 

Tests  of  the  functionability  ol  transistors  before  and  after  treatment 
with  ethylene  oxide  gas  indicate  the  gas  had  no  adverse  effect  on  ths 
functionablUly  of  these  cooponssts.  It  is  imperative  that  all  types  of 
electronic  components,  which  will  bs  used  in  mi  sails  payloads  that  ore  to 
be  sterilised  by  ethyl  sets  oxide,  bs  subjected  to  Sadler  fttne  tionability 
tests  to  determine  whether  the  oxide  has  a  detrimental  offset  on  any  of  ths 
oaqxMWiti. 
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Ability  of  Tryytcee  Broth  to  Support  Bacterial  Growth*  After  Exposure  in  Screw  Cap  Bottles 
v  To  Etiylo ne  Cted.ee  Gas  for  Eigjit  Hours 
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Investigation  of  Microbial  Contamination  Insids  Various  Type  Transistors 
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APPENDIX  I 


by 

Pfc  John  Atherly 


x  t^onaist-ora  under  test  wore  chocked  for  (I)  Beta  (the  small 
air"-  aln).  (2)  Ico  (the  collector- to-haso  leakage  current  with  the 

,au  opuii)  and  (3)  lo  (the  collector  to  emitter  leakage  current  with 

thi>  ,.  -e  open).  These  values  were  measured  quantitatively,  for  any 
s.elec  -td  voltage  (Voc)  which  la  the  volt-ape  acroaa  the  translator.  The 
tranalstora  weie  also  cheeked  for  uhorts  batwaen  the  oollwcior-baee  and 
collector-Ginittor.  There  were  no  shorts  present. 

All  teats  were  made  an  Western  Instruments  Translator  Tester  Model 
6l.  Two  tests  were  run  on  each  transistor  before  exposure  to  ethylene 
oxide  gee  and  one  test  use  run  on  each  after  exposure  to  the  gee.  The 
naeulta  of  these  teste  are  shown  In  Table 


Chara<  turistiea  n.f 


T.vpe 

_ Transistor 

Ray  2Khl7  (1) 

Before  ETC  Exposure 
Before  ETO  Exposure 
After  ETO  Exposure 

Rey  ?M|17  (I1) 

Before  ETO  Exposure 
Before  ETO  Exposure 
After  ETO  Exposure 

Texas  Ins.  2N332  (i) 
Before  ETO  Exposure 
Before  ETO  Exposure 
After  Eto  Exposure 

Texas  Ina.  2N332  (2) 
Before  ETO  Exposure 
Before  ETO  Exposure 
After  ETO  Exposure 

Ray  2N327  (1) 

Before  ETO  Exposure 
Before  ETO  Exposure 
After  ETO  Exposure 

Ray  2N327  (2) 

Before  ETO  Exposure 
Before  ETO  Exposure 
After  ETO  Exposure 

ST-liOl  (1) 

Before  ETO  Exposure 
Before  STO  Exposure 
After  ETO  Exppeurn 

8T4|01  (2) 

Before  ETu  Exposure 
Before  ETO  Exposure 
After  I  TO  Exposure 


Vcc 

Vol  t-e 
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Table  V 

Transistors  Before  nnd  After  E^inflnrc  to 
Ethylene  Oxide  Gan 


Base 

Beta 

ino  in  1 

rrnnt 

£ia  (Current  On  1  n  Ma} 

100 

16? 

3  ~  1 

tm 

un 

*•-  ©  -  i 

100 

l  66 

2  ,  JL  l6<) 

60 

10K 

2.0 

60 

17C 

L. 

ofl 

i  m 

" 

- 

335 

22 

t 

0 

13$ 

2h 

0 

0 

13$ 

22 

o.5 

0 

13$ 

19 

1 

0 

13$ 

18 

0.5 

o.5 

13$ 

18 

1 

l 

100 

18 

0 

0 

100 

17 

0 

0 

100 

16 

o.$ 

1 

100 

13 

0 

0 

100 

13 

0 

0 

100 

12 

0 

n 

V 

100 

2 

70 

87 

100 

1 

69 

86 

100 

2 

69 

86 

100 

1.5 

2 

X 

100 

0 

o.5 

0 

100 

0 

1 

2 

i 


Tyne 

Translator 

Voo 

Voltr 

Base 

Current 

Delco  2N173 

Before  LTD  Exposure 

7 

100 

Before  ETO  Exposure 

7 

100 

After  ETO  Exposure 

7 

100 

Delco  2N270 

Befc*--  ETO  Exposure 

7 

100 

Bef  ore  ETO  Exposure 

7 

100 

After  ETO  Exposure 

7 

100 

(1),  (2)  Xndlr-a+'i  teat*  m  2*9  4U?<not 


7  (Continued) 


19ii 

Off  Scale 

196 

Off  Scale 

176 

Off  Scale 

157 

Off  Scale 

158 

Off  Scale 

lUi 

Off  Scele 
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